
-. AD ...........

IISS3OWOGIC CIOUTIL OF DIARRHEAL DISEASE

oI ~OUE TO RUTEIOXIGZHIC ESCHELCCMXA COLt
o ~AND SIGELLA

[mm •Annual Report

September 19"

(for the period January 1, 1985-December 31. 1985)

Myron N. Levine, N.D.

Supported by:

U. S. ARMY XMDICAL RESEAACH AND DEVZLOPNZET COMAND
oart Detrick, Frederick, Maryland 21701-5012

Contract No. CA1S17--3-C-3074

Center for Vaccine Developmmet
Division of Geographic Mledicine, Department of Medicine

University of Maryland School .of Medicine
Baltimore, Maryland. 21201

0O0 DISTLUMTIHOe STATEENrT

Approved for public releaeeo distribution unlimited

The findings In thit report are not to be construed as
an offictal Department of the Army position unless so
designated by other authorized documents.

€ DTIC

3UILECTEQW



seoraYW CLAWIPICAYWI OF Tus WAG& i'Ise DWO soft"*_______________

REPOT DOCM ENTATION PAGE Srong DIOLCTIU1 FORK.
. 1MTGOVT ACC- 4ECIP17*11 CATALOG MNSIMUE

_30
* ~ ,,. ~ ~ L TYPE OF MRPORT A P91111o COVERCO

Lumanlogic Control by Oral Vaccines of Diarrheal Annual Report
* Disease Due to Enterotoxigenic Eacherichia coli Perlod 1/116-2lIf

and Shipella. L. PCRPOMMIOORG. REPORT wUNDER

p. ~j~ LCONTRACT OR OR HT MUMOCA~e)

Myron M. Levine, M.D., D.T.P.H. DANDi 17-83-C-3074

S. ~ ~ ~ W PM~~eOAUSTO AMC AND ASORES X6N L=OAN ELEMENT. PROJECT, TASKP e o e ~ o o _" " I & W O R K U N IT a "IE RCenter for Vaccine Development Command 63750A.3M46375OD8uOf-AA-027
Department of Medicine
University of Maryland, Baltimore, Maryland 21201

I L CONTROLLIN ounCe MANGAN AOue C susen M RPORT DATA

U.S. Prmy Medical Research and Development Command Is. teMbe,19 86 r AE
* Fort Detrick, Frederick, MD 21701-'5012 13

146 M0IOIWT@W9 A4ENCY NAME & AOORESIIhI dflgsi term mwCSEowld ontev OL SECURITY CLASS. (of We. 0.e,
Unclassified

158 g~LA514IAVION/60%"OAO6NG

IS.OeTRISUTION SIATEMENT (of Wea *ipet

Approved for public release; distribution unlimited.

17. DIST M1UTOW" ST ATEMENT OfE 00NI 6600 4ftmeE 10 SION06 US. 11 EWt#nd 6-m &

Is. SIIPPLEMEN"TARY NOTUS

19. KIE WeORS (Cdnet..ue 00 f.,.,. .4 it .eeR 4ipa*@ ybeq~t

E..tro"g~nc~eet~rcbacol-1; diarrheal 4Jzaanaz..-..LA1tI._CFALUAMWniZA~t1on-
Salmonella; Shigella;Wral vaccine; Genetically engineered vaccine; enteropath-
ogeni~c Eacherichia coli.4&w-......

,-.&Travelers' diarrhea in several different clin:,ca1 forms represents an important
source of morbidity and loss of efficiency in United States military personnel
who are deployed in less-developed are~as of the world. The eaiit-iv most impor-
tant etiologic agent of travelers' diarrhea frenterotoxigenic Escherichia colt,
while the major cause of dysentery Jloee. *4oeja1&a44&-bloodee-uie is
Shigella. Research has contInued isde'-tta-rreek .- -'l-o develop safe
*n4 .ff.e$4*e' immunizing agwnts to prevent these Infections of military importan .

D oe tono OFITIO wOf eOV is oOSOLsTE



StCUINTt CLASSIFICATION OF TiS PA ~ owe Sins aeue .

_. f A candidate vaccine consisting of a non-enterotoxigenic E. coli that bears
fimbrial colonization factors CS1 and CS3 was shown to stimulate markedly prom-
inent SIgA anti-fimbrial antibodies in intestinal fluid after administration of a
single oral ose The geometric mean antibody level achieved after ingestion
of gsfe oral dose of the live vaccine is approximately 10 times higher than
s achieved with three 5 mg enteral doses of a purified CSI/CS3 fimbrial vaccine.

In order to provide broad protection, a vaccine against enterotoxigenic E. coli
based on stimulating anti-colonization immunity must contain as antigens all the
important colonization factors found in human enterotoxigenic E. coli strains.
One common enterotoxigenic E. coll serotype that was not previously associated
with known colonization factor finbrial antigens is 0159:H4. A new fimbrial
putative colonization factor hasnow been identified in 0159:H4 strains from
throughout the world. The genes encoding these finbriae are located on the same
plasmid that encodes LT and ST enterotoxins. The fimbriae, which have been
purified to homogeneity, are rigid filamentous organelles 6-7 nm in diameter.

In collaboration wi. investjors in the Department of Enteric Diseases at the
Walter Ree Amy Inst•itute o-Reee 1 w have extensively tested the safety,
immunogenicity and efficacy of a Shigell sonnei/Salmonella typhi bivalent
attenuated vaccine (strain 5076-I1). Two lots oso accine prepared at
Forest-Glen provided highly significant protectionl agatnst challenge with path-
ogenic S. sonnei in studies in volunteers. A third lot failed to provide
significant protection. Studies are underway to determine the factors that must
be present to assure potency of this promising vaccine and to eliminate lot-
to-lot variability in efficacy. If this can be accomplished, the safety level
of protection conferred by strain 5076-IC are so impressively high (with effective
lots of vaccine) that field trisls of efficacy are indicated to assess the
protection conferred by the va cine under natural conditions of challenge.
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Trafvelers' diarrhea in sesral different clinical formes represents an

important source of morbidity and los of efficiency in United States'

military personnel who are deployed in lees-developed areas of the world.

The single most important etiologic agent of travelerst diarrhea is

eaterotozigenic echerichia coli, while the jor cs of ter

(loose stools with blood and mucus) is Shigella. Desearch his continued

uider this research contract to develop safe and effective iuuniing

agents to prevent these infections of military importance.

A candidate vaccine consisting of a non-enterotozigenic E. coli that

bears fimbrial colonization factors CS1 and C33 was bo to stimulate

markedly prominent SIgA anti-fimbrial antibodies in intestinal fluid after

administration of a single oral dose. 7he geometric mean antibody level

achieved after ingestion of a single oral dose of the live vaccine is

approxiztely 10 times higher than is achieved with three 5 mg enteral

domes of a purified Cl/CS3 fimbrial vaccine.

In order to provide broad protection, a vaccine apiast

enterotozigenic E. coli insed on stimulating anti-colonization inwamity

Wmt contain as antigens all the important colonization factors found in

1amm enterotoidgenic f. coli strains. One omon enterotozigenic g. coli

seroype that was not previously associated with known colonization factor

fimbrial antigpm in 0159:H4. A new finbrial putative colonization factor

..has now been identified in 0159:34 strains from throughout the world. The

@n encoding these flmhriae arm located on the mu plaid that encodes



WT and aT eintot;W Me fiu ae, Vhich hav beow purified to

hemopgnity, amv rigid filnentcmu oranelles 6-7 - in diameie.

In collaboration with inY astipstars In the Depru t at Ibteric

Diass at the taler Hed &W Iintitute of Rleearch, is have

m- I vely tted the safety, Iinanng city and efficacy of a Shiaplla

m/el/lla i bivalent attenuated vaccine (strain 5076-1C). TWo

lots of 5076-IC vaccine prepwred at Porest Glen provided highly

significant protection against challene with pathogenic S. sonnei in

studies In volunteer. A third, lot failed to provide significant

protection. Studies are under'ay to determine the factors that must be

present to asamre potency of this promising vaccine and to eliminate

lot-to-lot variability in efficacy. If this can be acccomlished, the

safety and level of protection conferred by strain 5076-1C are so

ipnrsively high (with effective lots of vaccine) that field trials of

efficacy are indicated to asses the protection conferred by the vaccine

under natural conditions of challenge.
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nLarTbol diumxsm reSpresent one of the principal caues of sorbidit y

end lown at efficiency soon United Mtateo military Vpar m1nun11 deployed In

low-devolcpsd amsm ofth voruzd (1-4). It is critical to develop

imeaue to diminish the attack rate, seveity of Al11mm mmd low of

efficiency dus to travelers' diarrhea in U.S. military IsrmxteI deployed

Ia .n-d~~p r9m -of the word oif gepolitical Importance.

I*mm l moot cmmo etioiqic aget musming travelers' diarrhea in

U.. 1~tB Who travel to lees-dogeloped rmime Ito sterotazlgomic

'chdma coll (EI'I) (9-12). Obiuslla, th cou of bacillary

dysentery, In oftten the second or third mot frequently Isolated agent of

adult travelers' diarrhe (9). AlthKatub the incidenc of diarrbwl

divmm Am to Mdiwlla inapmpgreciably lowe than Aims to EM , Uhe

esmmity at the aveag c&w of clinical 3biglls, infection in notably

grsaw; iqnt ly, the soldier with. Ptiplla illnuess is lart from dmt7

2or a longer perla of ties. Partbomre, &igulla infectian cman be

transmitted fro Vpuum to persn by direct comitact by smann of very low

infective incmcal. (as few mu 10 Shigella -r-ani00 con CaUMe clinical

illenes) (13). In contrast, ErDC infections ame typically transmtted by

it biinated food and wate vehicles and require muach larger inocula

(circa 100) to cause illness (14-17).' It is tbin obvious that'both TX

med Sigella infectiou are of paramunt military importance.

The Ceter for Vaccine Develaput ;us undertakena a long-tetu program

to develo effective iinmiing agents to prevent E.TEC diarrhm. This

propwm has involved studies of the pLthg ini of EME diarrhea mnd of

the iinzn,1 u remn m to infection. It haw also involved the dweve, lap -t

and evaIuation of several vaccine candidates to iwevet ETEC diarrhea

(18-22). Several of the studies on the pathogenesis and prevention of
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Rric diarrbes represenct collaborative project's with theDeart~ment of

Gastroenterolog of the Walter Rsed hrV Institute of Researcb.

Stxdies on VWE during the past contract year bave resulted In the

Ideantification and cbaniterization of a nmfimbulal colonization factor

found in 0150:514 strains fron thrcxigtxut the world. Other studies a

comar'ed the intestinal S~gA anti-fisblal& antibodty lagm 1o 1 follxtin

oral or enteral, iemmuization with purifled fix~bis (CS1 and C3) or

follfiwig oral i~nim~tiCR With L Lx-neooizC R. coil prototype

vaccine strain bearing C31 and CS ft~riae.

During the pact oontract year Unveatigptors at the.Canter far Vaccine

Developmet have oollaL~rated closely with Drs. S.B. Fuuml and T.L. Ekle

in th Dpartment of Enteric N-mas.em oc! WAIR on the dmevoenot of'a

condide vaccine to proena -Siigslia umanei disease. This vaociine

sftrain, 50703-lC, mmr contricted at VRAM by Introducing the 12D MI

plammid from S. sonni that aoesthe productiou t mof sei 0 anti@%~

into attemated salmllna tyh vaccine strain Ty2Ia. straifn w07-ic has

bowe aztensively evaluated for misty, immungaicity -and efficacy in

volunteer studies at the CVD.

Another area that has proew fruitful juvolves further studies of the

patho~genicity of enteropathogenic S. coli of classical am"tpe (EM)

(23-28). The patho~gens am characterized by their plasmid-4=xxisd ability

to adhere to HEP-2 cells with formation of clusters of adhereunt bacterla

(so-called localized adherenc~e). A IIKA probe ban been prepared from the

lilainil that encodes localized adherence and has re to be etraiinly

useful in identifying EPBC and in studying their epidemiology. This

rep0esets a significant inprcwamnt over the previous main diagnostic

tool,,multi-step 0 serogrouping.
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Hi * ir M~xaIx C icx aSRC Ix
A. Studies with Chndidate Vaccines against ZT

A snowy of ou ror. in evauation of various oral vaccine

candidates inteded to stimulate ant-(M1 aid ant-= fidirial Intestinal

antibod is constained In APPEMIX A. Th. most inpressive result. hame.

bee obtaine with a prototype live oral vaccine. strain, 91392/75-2A, of

wotyp 069:H16 that elaborates both (31 and C83 colonization factor

fishrim -but does not posess the genes to projoos LT or 9r. A cra of

volunteeswer vaccinated with a single oaml dome of E1392/75-2 &Wan wer

the challingmiO moth late with a wild MW strain of serotp

0139:8Utit produos. (1 and CM and elaborates both LT and ST; at

coprable Voup of control volunteers wer aim, challenged. Rhsults awe

,ft in Table 1. Mle 6 of 6 controls developed dia~rrhms, only 3 of 12

vacciness.a diarrb@ (p<0.005) and illes II ws Milder.

Bahcteriologic studies (Table 2) ab d that the ETBC dallenge strain von

recOMere from th prozdmal small intetine in high titer from 5 of 6

controls but from only 1 of 12 vaccinees (vWo bad only 101

or=anim/m ) (p<0. 0004). Tbmdata i~nint that the mlmtnim 03C

protection me by anti-f inrial antibody preventlingt pathog.1it ETEC

from 0oo1z0i i~ In the proziual small intestine.

Table 3 iwsthe geometric am SIgA antibody titers of the vaccinses

before vaccination, af ter vaccination and immediately prior to challenge.

In table 4 these titers are comared with the local SIgA anti-CS1/CS

titers following enteral imomization with three 5 mg '"ms of puzrified

CS1/CS3 vaccine.

3. A New Fimbrial Colonization Factor in EIEC of SerogxmWu 0159

The work uminrizing the discovery and d~aracterization of a new

fidwial colonization factor in hmun E119C strains of serotype 0159:114 is

contained in APPENDIX B.
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III.* CLINICAL SMTIES WITH BIVAU24'r S. WPKYI/S. 8(NMI VACINE 5076-IC

A Studies with Vaccine Prepred at the MUIR Vaccine Production

htaility at Pores Glen

ne have bs. carried out with 5076-1C vaccine prepared,

lised and farnalated at Forest Glen as well an with two lots of

vSWolOm prepared, lyoihized and forulated at the Swiss Serum and

Vacime Institute in %Ane, Switzerlamd. A miary of remilts obtained

frm Jlinical studieu hith the three lots of vaccice prepared at Forest

Glen Lre montained In ANMIIX C. It In aparent that two lots of vaccine

pnmp mo at Farest Glen provided sigpificant protection ainst

sige laoss in In wmlImntal c.slleW ostdies. The reamo for the lack of

effic ac of the third lot of vaccine pret. ed at Foresr GMen (intemded for

field trials in lsael, Chile and Tithtand) is not yet clear. Preliminar

ewids ce from studies beitn carried out at arest Glen suwests that the

lack ¶f efficacy of the am lot my relate to ortain pIcrprties of the

carrie Ty2ia strain. e apparent deficiency of the carrier strain in

thise ot s to be related to the Apoee of flagsllaticm of the bivalent

attenuated strain.

|B Studies with Vaccine prepwred at -the Swiss Serm and Vaccine

i Institute

lots of vaccine prepared at the Swim Serm and Vaccine Institute

have so been tested In volunteer studies at the CYD. Them lots of

vacci:ie did not provide significant protection (Table 5). Preliminary

studies being carried out at Forest Glen suggest that thes two lots, like

the e unprotectiv lot prepared at Forest Glen contain organism that

are deficient in flagellar H antigen by both electron microscoy and by

serola c exmination.
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TAB[ 1

W"IC~a OF A SINGLE DONE C? IJV!_ MRL E. MWX VACINE 91302-7.5-21

(06 :H16, CS1,CS3) V(UKf rIXMI AI1M DIVEM FUiLZDI1C QIAURGE IMl

Beverty -o Diarrbm
-W-11 IlVolunteer:-

GMAttack Pate Stoolw Ptool Volume
8mrl l .8 1.147 .1

Qmtolu(2-18)+ (315,185W)

Vaccine"es 31 3.7 713
(2-8), (220-1110)



TAMA 2

~X~C fINWO EN 13U-7-M VXMiaM

Iwa FO xMM LULAU urM munuOM c S. a=

WILXN EMM7A (0130:M, LTO/W*. anCP)

hw 1/ 12 (101) W12/I (11106)

*(im No. 9. colt 2077A pw I stool or
om~s fT1iaT.



TJZ3

iOMMIn CITr (V IWa CRAL, NK8SRW aC 3. aIx VAMhE

UARIM CP(A/IX B AS E1302/75-2&

Uwufitmat Oimetric Mien Titer
Rio-
In Istetimin pro Foo.t pre-

hily SfA Antibody Vlination Vaocintiom Chal etm

(si. -0C) 10/10, 5 416 315

08 10/10 6 165

0139 0/10 2 2 2

IT0/10 2 2 2
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TABU 4

COMPARISO CF TH VWIWYAL SISA A~fr-I-Nmaxu AWIni WW

FQLWIE ORAL DIUXW!GIK VIE A SIMCh DOWO Wi a&Y YAM= ORX

7 UTUAL Or (7 R IEIU CYA/II ?11IM (CK,CS)

Liw Oral Sawwwa am rate ft" Titer
Thacim Stmno~ fbr 8Si A nti-47A/11 _m_ %

1010 crm ýj 10/10 8 416

Purifie CYA/IT

5mgX 3 4/5 5 40



WVICMX CW =ThAik O&WOU "M/IML ~IT DIVA V==i

viii~Mti rates M:LASMK

maTa1? 14 16

D~tW7 2210 i

>100.? 22 19 N13

>100?F 17 19 NO

Ofae"ins lyvuiiilized at swim &" OW Vacrine
Institute after cultivation in broth.
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FIHIOR1A (PILl) ACU1.I•S AS VAMIXtk

X. levine, J.G. krris, G. Losmnky, U. '3oedeker, B. Howe.

Center for Vaccine Development, 1euartmet of 'edicins, University of

Maryland, Ialtlimw., Maryland 21201; Walter Reed Army fnstttute.of lesearrh,.

Washington, D.C.; and the Central Public Health lAboratory, oikdon.

Certain fimbria (pilU) found only an enterotoaigenic E&Ohrichia coli (ETEC),

such as colonization factor antigens I and II (CFA/I, II) and E8775 fimbriae

serve an virulence properties by allowing attachment of rjEw to enterocytes In

the proximals moll intestine (1). Veterinary studies have shown that antibody

directed against analogcm fixiriae in animal l.'±( can suppress bacterial

attachmit and prevent diarrhea (2-5). Ie have studied ays to stimuiate

Intestinal scTrwýAy IgA anti-QaA/Il in animals and ma using purified

fimbriae or a live attenuated, non-enterotoxinagenic E. coli strain an oral

vaccines (1,6,7). Eight 2.0 mg d of purified CFA/II (CS1 and CS3

antigens) applied to the mucosa of an exteriorized loop of rabbit intestine

stimulated a brisk SIgA anti-CFA/II response. Thirteen rabbits inumnized

orally with eight 0.8 nm doses of purified CIA/II fimbriae vaccine and 13

control rabbits were challenged with 1010 enterotoxigentc E. coli (RITARD

method) bearing CFA/Il. Diarrhea occurred in 8 of 13 of each group.

Ten volunteers were inmunized with 2.0 nV of purified CP'A/IL orally twice

weekly for four weeks (following suppression of gastric acid with cimetidine

and i4H053). Only 2 of 10 developed significant rises in intestinal SlgA or

serum IgG anti-C,.'A/Il. 'Ibis cohort of volukAeers WAs not significantly
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protected, in cowparison with unamiized controls, when challenged with

pathogenic h79; diarrhea occurred in 6 of 9 controls and 3 of 8 vaccinees

with no difference in disease severity. In view of the excellent

imnmoeenicity ot this fir*rine vaccine in stimulating specific SIgA antibody

ubon applied to the micoea of exteriorized loops of rabbit intestine, we are

distressed at the poor immune reFonse following ingestion of multiple oral

doses in man. We suspected that do,•ite cimetidine and IW 3 treatment to

neutralize gastric acid, perhaps the fitmrial protein was being adversely

affected during its passge through the stomach. This seemed ure probable

when Schtuddt et al (8) showed that gastric acid even at neutral pH, adversely

affects fiibrial protein. Accordingly, we elected to administer three 5 mg

doses of the CI'A/II finimrial vaccine directly into the duodenum via intestinal

tube, thereby bypassing the stomach. Vaccine was given on days 0, 14, and 28

*ad intestinal fluid was collected to measure iipecific anti-fintrial antibody

on days 0, 14, 28 and 35. Given by this route, the CFA/II fimbrial vaccine

stimulated significant risem in SIgA anti-CI'A/I[ antibody in four of five

vaccines (Table 1).

Table 1. Significant rises in intestinal fluid SIgA antibody to CFA/I1 (O1,

CS3) antigens in volunteers given three 5 mg does of Q;A/II fimbrial vaccine

via intestinal tube on days 0, 14 and 28:

SIgA Anti-CO'A/I I "'itera
Volunteer Pre Peak

1 4 4
3 <4 16
5 <4 1024
6 16 256
7 4 16

%ieasured by LgA-L2LISA



These data eO*asize the importance of protecting fimhrial vacci proteins as

they transit the hLm=n stomach. Research will baew to be to

identify practical and effective delivery systesm.

Nineteen volunteers were fed a single 109, 1010 or 6 x 1010 organim

dome of a non-toxigenic, CFOA/I-positive 06:Hl16 strain (E1392-75-2A) as an

oral vaccine (6,7). No developed mild diarrhea, all bad positive

coprocultures and most had positive dcodenal fluid cultures. Paired pre- and

post-vaccinatlon intestinal fluids were available from 14 of the 19 volunteers

to measure local SlgA antibody. Significant rises in intestinal 'IgA antibody

to CIA/II antigens were detected in 11 of 14 including 6 of 6 who ingested a

dose of 6 x 1010 vaccine organisms. Twelve volunteers who ingested a single

5 x 1010 organism dose of L139g-75-2A live oral vaccine and six umminized

control volunteers were challenged with 5 x 108 enterotoxlgenic E. coli of a

distinct 0:11 serotype (0139:1=28, LT+/ST+) but bearing the identical CFA/II

antigens (CS1 and CS3) as thp vaccine strain. Diarrhea occurred n 6 of 6

controls but in only 3 of 12 vaccinees (p<.005). Although the ch4 llenge

strain was excreted in the sme concentration in stool cultures o the two

groups, a significant difference was noted in duodenal fluid cul res. The

enterotoxigenic challenge strain was recovered from 5 of 6 cw~ro s (mean 7 x

103 E. coli/ml but from only I of 12 vaccinees (101 E. coli/ml) ( <.004).

These studies point to the superiority of live oral vaccines in s imulating

anti-fimbrial antibody.

Ackncwledgements: These studies were supported by research contx cts

NOIA142553 from the National Institute of Allergy and Infectious Diseases and

DAND 17-78-C-8011 fron the U.S. Army Medical Research and Develop ent Command.
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Th. ability to colonize tba inal iaenttim to onitia for the

pathopgments ot diarrbe Aw to vaterotoniumatc Rdwrickia, colt (r1'FA).

Coloeimationa Is mediated bF f1'biain (phi) af which tuwe am several

antipmilcally distinct types, including C3M 1, CPA It (51 C82, and C33)

and PIT7 (C94, WB5, and CB). 2ef1dire an assciatud with

certain RTE 0 serogrous. brgrop~ 0150 M laa ined a heumcolosiuation

factor. We have fouind a distinct p, ~-,mýd ftsbria composd of 19

Xd jiotein subunits assoiated with L=Ir~ serotyp 01509:4. Shbbit

antibod againt this jpu'ftitd fimbria meted with a single 19 frd protein

band on Wetern immpsblat of dinared call preparation. The rabbit

antibody, treated with colloidal pyd-labellsd gat anti-rabbit IgO, bound

specifically to flbi~ramwe cello wer e~noed In the electron

mieoswp. Six of 10 available stralm at EMI O10:54 fromi Dawv,

Bangladesh, and Africa emprue this timftia; its true prevaalence

E'1W in tinon. This putative colosiuatice factor of 0159:84 joti other

F1'fl' fisibise as potentitally usful tinmigmwns against hua~n diarrhea.



3

Enterotoalimiie Escherichis. coli (WEff) is a leading caus of diarrhea

and dehydration in children less than two years of age in developing

wia .tries (1,2); KECW in the moot como caus of travelers" diarrhe

(3,4) and is ooccasonaLly responsible for outbreaks of food- and

vater-borne disease (5,6). Investigatiom. of the tbpatxs~sim of ITKW

diarrhe have identified factors essential for virulence which might be

mantpulated to prxodue a vaccin.. These virulee factors include

fimbrial colonization factors, which allow the organim to adbw to

epithelium of the proximal small intestine, and beat-stable (ST) and/or

beat labile (LT) enterotoxins. The ability of these tciSrdoi .

coil to ad~re to intestinal epithelium and remst, the clearing action of

peristalsis is essential for virulence. In volunteer studies, diarrhe

did not occur after ingestion of as organimi that 9 Aa m i LT but bdlost

a piaamuid encoding a finhrlial colonization factor and ST; the

plaamid-otat Iing fiibriate paresnt strain did caiuse diarrhea (7).

The ability of 9='f) strains to cai.*e mannse-vesistant

hem glutination led to the identification of several ooloumiution factors

of himman ETWI. These includes CFA I (colonization factor antigen 1), CFA

11 complef (which consisrts of 3 antigenically distinct tidbriae designated

CSI, CS2. and C83), PCF8775 (which also boas 3 distinct tiwhriae designated

C34, CM, and C98), and perhaps a fiv&Ia of strain 260-1 (8-13). These

colonization factor antigens ame associated with oertain 0 srogroups:

025, 083, 078, 0128 (CPA 1), 08, 08, 090, 085 (CPA II), and 025, 027,

0115, 0148, and 0167 (ICF8775). All these colonization factors are



fimbfime, the pas for vie anw lode~o. pos smoiii ST

(amd samotlme U) ane foudc the amm pad with Mt I or C81, C6,

smd C3. w ise t umlly, but mt Invriably, true at pos for C54,

MIS Iwo~ cmilctiome at fTWlave bum mramms for thema ot

the omm iat~ factor, thir pmeinuval has wm~kd slimly

(11,14-18). Umstrmim Isoate frm patients with diaurrze, bat

o lackCP I or CPA 11, wofed to volvamem, the vovamers

seertholms become I. t with diarrhea (19). Sees obwryatioms £Wantm

the amption that Othe, astips~icaly distinct. Colonization factors

vmit be promin as theme strain and cm other ~'Er lackiknownm

colonization factors. Indeed, ETW2 of meropcmp 0159 ame commnly

associated with diarrtm in many geographic armas bunt do not owmem

=...istant hemaglutination and lack a knon colonization factor.

In this report e describe an antigenicalIy distinct fimbrial colamization

factor associated with the arme KT inotype 0159:94.

MATMIALS ADMR)T'¶WW

Bacterial strain.- Eniterotozigenic E. coli strain 350M1 serotyp

0159:H4 was chosen for study (14). Ibis-serotype his been omn ly

a8saxiated with diarrhea and strain 3MOC does not agglutinate with

antisera against CFA I, CFA I!, or 1P2F8775- It is a non-hemgglutinating

strain which lacks type 1 p'.li when grow an solid agar. The strain

produces both ST and LT (14).
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Puififcation of firbiae. A muompudoiat 350l was streaked cmnto

alumima poes (32x42z2 c) containing 1 liter of CPA agr (1% casaino

Mels, 0.15% ~es U~tract, 0.005% 1W54, And 0.0000% IMi 2 , 2% agar,

ON 7.4) (20) and im idated overnight at W7C. The bacterial cells wer

bazvinted,. U .dm to203 a wpate buffeed saine~ VE 7.2 (PBS), andS

o~eared for 90 sowds an tooin a Sorwall Oiimur at setting 5. Calls

and particulate dibris varn palliated by coutrflfugattia at 8S, O0zg far 30

Minutmt; Cuter rmmnm Vesicles "Mr Imeawre IW cMtrtfU~tios at

30,000 for 30 mimftes. Mhe mwurtaat vas collected and contriftiged at

180,OOftg for 1.5 hr in a Backman 1-SO cestrifuge. -1s pellet,

containing fimzriae, me suspende In 0. 1 K Tlu, 0. 2 ON EM with a

inametic stirrer at 40C.

This .xapvinsio uas applied to a 'welf-Ionerating, iuwpcsic oeinim

chloride gradient with 1.35 w/v sodi~m N-lmurl sarooslas of densty 1.3

go/cN3 br ultraosetrifugotio. at 117,000a for 44 hr. 0qu bmiS.

visible under stu Illuminiation veam conllected ty tube puncture andS

dialyzed overnight in M~ at PC. Th ;P roe of ftim ui s vo mnitored

by olectrom sinireeopic tommization and amodrtice of finbrial sumilits

by sodium dodecyl sulfate-1polyacrylaside jp1 electrophiorevis (3WS-PAE)

(10).

Mtf-PAGE. SD-PAGE g~ls were prepared by the notbod of Laili (21)

with modifications of, Lugtenbefg (22) and Mapiro (23). Stacking and

separating acrylamids gels o~f 5%, pH 6.9 andS 12.5%, pH1 8.7 z asectively

V nTe prprdin a 93 x 102 z 1.5 -e watern-coled .ini-gel apparatus

(iloefer Scientific). Electmopfrnrsi buffer was the tria-glycine

preparation of Ornstein (24) and Davis (25) 'fith 0.1% SMe. Sa~les were

boiled for 5 minutes writh equal volums of WJ.5 W Trio base, 2% SlD1, 10%



glycerol, 0.05% brasbenol blue, and 5% 2-usrcaptoethaiomi And

I FU zitely 1 14 Per law. loaded by arrinve Into wells. hdx wills

contained irosaizud molecular' wegh maxims (B w Research

laboratory) for etimat!cm of size and ejech almpesa tim.

in., tv c~preig van candacte at 25 sim =U&i namle. "&eked, tbus 35

Si Mtni Makers won Well resolved. Gals were stained with Qooamoi.

brilliant blue W-250.

Anti-fisbia Wtiorm. . Asadlt ftle rabWt weighing 2 kg wa

Inoclated tAmI nly be ta -~ theoput.. and Into th rear footpmdo

With Purified flobifte Is to~ w~let adjuvant. At 6 weeks, a

booter inJectiomato fiabise with j,' azlt djiuvat vas give

.zbutmily. 7to ra!fit was bied 2 week later. Speific antiew'swag

epmured '.y multiple a~p Io with mofjmitrite Colile p'n at 160C

(8.

Baterial agglutination. Snift aglutimatice o bact rial calsl was

Perforne by ad -iz a dro (0.05 ml) of antiama with a smnupmion at

coloniems an a toothpick at t.,amto.

Lmownblotting. Craft wr g 1gpuraticms and purified fimbiaewr

elsetrred in daplicato am MS2-W gale, am of which vas stained

with Comsiai blue med the other slatabiotted onto nitrocllulose.

Wantern blots veedeveloped as described by Towbin et a1 (20) with the

modification of Batteigar at &1 (27). Absorbed rakibit mntinerta was

diluted in 0.5% Tveen-20 in MU and incuI~ted with the nitrocellulos

filter overnittt at 46C. Filters weeuade 3 time for 10 minutes each

In diluet. and agitated in 1:1000 gnt anti-rabbit Ig3 coanjupted to korw

radida pridam (Cooper Biomedical, lklvqwn, Pa.) for 2 biozzu at ram

temprature. Filtwwere again thoougly vanbed and developed with
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hydrogen peowidesubsitrate .and 4-dalaro-nalputbol chromge. Dot

Iimnoblots of whole cell preparationewer perfore by suspending cells

fron an weufight cultture in PBS and dtting the u-penion on

altuoelulome filters. The were incubated with abecibu rabbit

antilem,. washd, reacte *ith got anti-rabkbit Is3, sd developed an for

the Western blot.

Electron odcrawe~py. Bacterial cells wer gi at 37*C on CFA apar,

harvested, andi rniined directly with a Sirnea Klaini* IA traned.smica

*lctrwm ad, or mp anoperated at 80 ry with msativs, stainift by 2%

rl o I @ic acid (10).

Iimmmlabellizg with colloidal .,Id-lAbelled gaut agti-rabbit antisera

was pert um (10). A dzmp of a wead suspension at strain 36=C was

placed an carbon-cooted grids and allowe to partially dry under a light

bulb for 5 minutes. bzoas liquid was zje am the pid usa Placed

face dow os a drop at eatiserum for 15 minutes. After vosiig In 3

suco~wasv rb e of distilLid water, the grids wo placed on & &W of 10

o-gold-label led got amti-wabbit sre(Janssen Pbuacatical.

PiMOtOOnY, N.J.) for 15 minutes (28). Mhe grid me wmt In 3 dOpof

distilled vater. Tb grid uas then-stained with 2% -- imsic acid.

Grids incubated withouzt the priamiry antibody or with anti-<PA I an~tibody

wee ued as ooutro!s.

Characterizatio~n of plasmd I1(A. Plammd DNA vas trUacted by the

* Dirnboim alkaline extraction technique (20) and mutuald by

electroj*,oresiu on a 0.4% agaroee gol. Plawmidw wen cured by multiple

Pwmeem on tryptic BOY asar (T1IA) at 371C and by iwccogtibility

lating.. Matiigs were pWrm by mnixing suspensions of each parent and

incut'-ting the mixture overaight on a micle-rore filter on an L apr plate
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(30). Tranaconjugates were recovered from the filter by plating on

a ite selective media.

The 27 J&kl plasmid was marked with drug resistance using apicillin

resistance transposon TnBO1 and transfrnd into HBIOl. Cells were plated

on L apr containing 200 ug/ml of ampicillin to select for ampicillin

resistant transfarmants. Transfarmants were mmined for fidzr in the

electron microscope.

MU hybrdization. Olony blots were performed under stringent

cocaditions as described by l&seley (30). The LT-B EtNA probe us prepared

from pVD815 and the ST Dm probe from pOlU.04 by nick tranlation with

&-;2 P dATP (Ne Ebgland NIuclear, ston) (30).

UISA for ST and LT. The direct culture method GQI ganglioside

emme-linaed immuonrent asay (ELISA) for LT (31) and moclonal

antibod IUM for BT (32) de" perfarme with EM 350M and itn

plasd-eured derivties.

129ULTS

Purification of fia-riae. 0oDonization factor antiveta are

carvactristically eite; ed 1PA n organism are grmnm at 370C and not shen

grown at 18 C (19). ude aehar preparatios of 0159 :H4 cells gro at

370C on CPA ar wre st*jected to SOS-PAE and ompared to

preparations of O15:B4 cells pr at 180C. The protein banding pattm

were identical exoept for a 19 Kd baud present in the 37*C cell

preparation (Figure 1, law B) that us absent frcu the 18'C cell

preparation (Figure 1, lane A). Differential centrifugation and isopynic

C gradient banding yielded purified fimiae. On DSI-PAGE this

preparation produced a single polypeptide smubnit band of 19 Kd (Figure 1,

lam C).
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Electron micronoppy. Eaination of strain 350M grow at 370C on CFA

agar revesled rigid filammtons firbriae of 6-" m diamter (Figure 2).

Cells gown at 18C on CPA agar lacked fimriae. Figure 3 whm purified

fizmr~ae which are morphologically identical to those amn on the cell

Figure 4 show strain 350C1 treated with absorbed rabbit serum against

fiwlriae and reacted with gold-labelled gat anti-rabbit I&G. Only

fimhriae, not flagella or background, are labelled with gold, indicating

the specificity of the absorbed rabbit oewun for this blacterial organelle.

Iummologic studies. Neither pre-imme, ime, or imuf absorbed

rabbit serum agglutinated whole 350C1 cells grow on CPA at 370C.

Figure 5 is an imamoblot of the crude and purified finbrial

preparations shown in Figure 1. Pre-imme serum did not react with any

of the proteins in these preparations. Absorbed im rabbit serum

reacted with a single bend of 19 Kd in the shear preparation of strain

350M (Figure 5, lanw B) and with puwified fiibrt. of strain 350C1

(Figure 5, lane C). This specific antiserum against 350CI fimbriae did

not react with the subunits of C81, M•3, CFAI (Figure 5, lanes E-G), or

lC877 (data not sown).

Plasi.d studies. The plasmd content of strain 350C1 included 2

plaamids of nearly identicr., size, 27 and 28 Udal (Figure 6, lane B). The

derivative cured of the 28 Mal plasedd (Figure 8, lane C) produced both

ST and LT and expressed fimbriae on electron microscopic eumination. The

dwEivative cured of the 27 MW plamtd (Figure 6, lane A), however, was

!ntozigenic by colony blot with ST and LT gene probes and by ELISA for ST

and LT and lacked fimb-iae, indicating that the genes for ST and LT and

for the fimwnia are coded on the 27 Mda1 plasmid. MS6-PAE of a shear

preparation of this derivative lacked the 19 Kd fintrial subunit (Figure

I.
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1, lwe D). UB101 transformed with the 27 M)kl plasmid mrked with TnS01

ipa1mm fimbriae that were vimalized in the'electron microscope.

Prevlence of 35WC fimbriae among ETEC. ETEC in the Center for

Vaccine Development collection were screened by dot ijmzmnblot of whole

cells and Western blot of sheared cell preparations. Six of 10 available

EEC 0159:H4 fr Europe, Bagladesh, and Kenya (including several strains

kindly provided by Frits Ordwv, WM) Eseerichia Collaborating Centre,

Statein Srum Institut, Copenhagen, Demrk) reacted with specific

absorbed antitrnu agaiznt the fisiae of strain 350M by both dot blot

of ihole cells and Western blot of shear prepmratios. None of 8 L'EC

01M9 of other H asrogroup and of 3 KEC 027 reacted with this

antiewr.

DICUiS8ICE

Studies of the hbnn response to ETEC have sho•n that infection

provides protection against future challenge with the homologous strain

(33). Antibodies to any of several products or structural components of

E. coli might mediate this protection. Infection-derived antibodies to IT
*/

alone we not able to provide protection in volunteer studies (33) and

antibodies to ST are not produced after natural ETEC infection. The

mechanism of protection does not involve bactericidal effects, since stool

cultures are positive for ElT in protected individuals after an oral

challenge (33).

Local secretory IgA to colonization factor antigens may be the key to

protection. Purified K88, K99, and 967P fintbriae from animal ETEC have

been used as successful vaccines aainst colibacillosis in farm animals



(34,35). Studies of the hman response to colonization factor antigens

have sn that when voluntesrs are fed organism with colonization

factors, significant rises in secretory IgA antibody and samu antibody to

the colonization factor are stimlated, indicating their expression in

vivo and i recognition by the boot (7,10,36). Volunteers given a

single dose of ST- LT- CS1+ CS3+ ETY 06:H18 as a live oral

vaccins developed intestinal secretory IgA against C91 and CS3 and. were

significantly protected when challenged with an ST+ LT+ CSl+ CS3+

strain of serotype 0139:H28 (36), sugesting that antibody to the only

cIn antigens, CS1 and CS3 fimia, urs adequate for protection. Stool

cultures were positive in vaccinses and controls. Hcmever, jejunal fluid

cultures ware positive in only 1 of 12 vaccinees but in 5 of 6 controls

(1<0.004), indicating that the site of protection was the jejunal nucoe

wher colonization was prevented (36,37).

Certain 0 seropups have been repeatedly associated with EM

diarrhea in hIn throughout the wrld; these include 08, 08, 025, 027,

063, 078, 080, 085, 0115, 0128, 0148, 0159, and 0167. These are the

serogroups representing the mjority of h7X isolated from mest srere

(e.g., hospitalized) cases of diarrhea. Conspicuously, serogroups 027,

0115, 0148, 0159, and 0167 we not associated with CPA I or II. The

recently described PCF8875 complex of C84, CS5, and CS6 fimbrial antigens

has been found to occur in 027, 0115, 0148, and 0167 serogroups. 0159 has

been the last con and important serogroup without a colonization

factor. A distinct fimbrial colonization factor has now been identified

in this "holdout." The way is clear, in theory, to prepare a fimbrial

antigen vaccine of truly broad spectrum that will prevent illness due to

all the 0 serogroups associated with more severe for" of ETEC diarrhea.

I

ta
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Preliminary studies in volunteers suggest that orally administered

purified fiumria my undergo proteolysis in the stcmach or intestine or

be less potent immogens than when fimbriae are attached to liviug

organisms (37). A live, oral vaccine strain (or strains) engineered to

express several colonization factor antigens migbt provide protection

against a broad spectrum of ECW; mn attenuated 8. typhi strain such as

Ty2la might be a imei"ul ost strain (38).

We propose the designation PCF (putative colonization factor) 0159:H4

for this new fimbria. The definitive role of PCP 0159:84 in the

pathogenesis of diarrhea in man needs to be evaluated, as does the role of

CPA II fimriae and PCF8775 fim*riae. In the native 0159:H4 strain, genes

for the toxins and fimbriae are carried on the me plasmid so that simple

curing of the plasdd does not allow separate evaluation of theee

virulence factors.

The available data, albeit preliminary, incriminating PCF 0159:H4 as a

colonization factor are the me as those that exist for CFA II and

PCF8775. Volunteer studies with fimbria-minus variants of strains with

these colonization factors have not been carried out. Furthermore, in the

volunteer studies with CPA I, the plasmid-minus variant that failed to

cause diarrhea in volunteers had lcst the ability to produce ST as well as

CFA I when the plasmid was cured. Thus for none of the human putative

colonization factors has a definitive study been done to conclusively

demonstrate their pathogenic role. Future studies to inactivate the

fimtrial genes by genetic engineering will allow precise evaluation of the

importance of these fimbriae, independent of toxin, in animal and human

models of diaeass.
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Figure 1. SDS-PAGE of crude and purified f ibria preparations. Lane A
contains proteins of a shear preparation of E. coli 0159:14 strain 350CI
grown on CFA agar at 18"C, conditions which inhibit expression of fiabriae.
Lane B contains proteins of a shear. preparation of the same organism grown
at 37"C, conditions which encorage expression of finbriae; an additional
band of 19 Kd representing fimbrial subunits is seen (arrow). Lane C shows
purified 0159:H4 fimbrial subunits. Lane D shows proteins of a shear prep-
aration of the 0159:H4 fimbrial subunits. Lane D shows proteins of a shear
preparation of the 0159:H4 strain cured of the plasmid that encodes fimbrise;
no 19 Kd band is visible. Lanes E, F, and G show purified subunits of other
ETEC fimbriae CSI, CS3, CFA I, respectively, for comparison.



Figure 2. n= 0159:04 etrain 350C1, negatvely staiLnd with 22
phospbotumpslc acid. Flamentous finbrias of 6-7 us at*z are visible.
55,90 Z.



Figure 3. Purified ITEC 0159:R4 fiubrise, negatively stained with 22
phoephotunaglc acid. 78,000 X.
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Figure 4. ITEC 0159:14 labelled by the inunogold technique. Cells were
imcubated with rabbit anti-finbrias serum, followed by 10 -m colloidal
goJd-labelled goat anti-rabbit serum. Cells vere negatively stained with
21 phosphotungsic acid. Fiubriae, not flagella or other structures, are
clearly labelled with gold particles.. 49.400 X.
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Figure 5. Vesters imanoblot of crude and purLf 4ed ZTC 0159:14 fimbriae.
Lames correspond to those In SDS-PAGE in Figure 1. Only lanes B and C
containing crude and purified fiabrial subunits react vth mono-specific
aati-flabriae serum.
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Figure 6. Agarose Sol electrophoresis of plasaid DNA of ETEC 0159:H4
strain 350CI. Lane 3 shows the native strain with 2 plasuids of 27 Mdal
and 28 Hdal size. Lane C contains the plasaid of the derivative cured of
the 28 Mdal plasmld; this strain produced ST, LT, and fimbriae. Lane A
contains the plasaids of the derivative cured of the 27 Mdal plasaid; it
did not produce ST, LT, or finbriae. The new large molecular weight
plasmid in lane A was introduced during incompatibility mating.
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Attenuated Salmonella typhi strain Ty2la has been gene-

tically modified to express the form I 0 polysaccharide antigen

of Shigella sonnei, creating A possible bivalent live oral

vaccine strain. Three doses of this strain (109 organisms per

dose) were given to young adults who, along with unvaccinated

controls, were challenged one month later with pathogenic S.

sonnei. The vaccinated individuals had 40% protection against

diarrhea and 56% efficacy against dysentery due to S. sonnei.

Two of 3 vaccine lots evaluated provided higher levels of

protection (53% against diarrhea and 71% agaLnst dysentery) but

the third lot, which was prepared for a large scale vaccine field

trial, demonstrated no protective efficacy. Vaccinated individ-

uals manifested serum and local intestinal Immune responses to S.

sonnei lipopolysaccharide and the presence of specifLc serum IgA

or IgG antibody prior to experimental. challenge with pathogenic

S. sonnei was apparently correlated with protection from Illness.

These results indicate that some lots of this bivalefnt vaccine

strain provide significant protection against 3. sonnei disease;

however, the problem of lot to lot variability in efficacy must

be overcome before practical use can be made of this vaccine.



Shigellosis, an important diarrheal illness worldwide, may

be amenable to control by an effective vaccine that, can be

delivered to young children. Although parenteral vaccines

comprised of killed Shigella organisms are not protective, some

attenuated Shigella strains given orally have shown serotype-

specific protection in experimental human challenge studies and

in field trials (1-3). However, these attenuated Shigella

vaccines have not reached widespread public health use because of

occasional genetic instability (4), mild adverse reactions (5,6),

and insufficient immunogenicity under some circumstances (7).

Considerable epidemiologic evidence exists that Shigella 0

antigens play an important role in stimulating protective

immunity (1). The group and type-specific 0 surface antigens are

encoded by genes which, when transferred into a recipient

organism, can result in expression of these antigens along with

those of the recipient strain. Formal et al (8) created a

prototype bivalent vaccine strain by conjugal transfer of the

120-mdal S. sonnet plasmid, which encodes the form I 0 polysac-

charide cell surface antigen, into the galE oral typhoid fever

vaccine strain Salmonella typhi Ty2la. This recipient strain may

be particularly suitable siace it is safe and protective against

typhoid fever in endemic areas (9-11).

The S. typhi-S. sonnei bivalent vaccine strain (5076-lC) has

been shown to express both S. typhi and S. sonnei 0 antigens (8).

Strain 5076-1C, which maintains the attenuation characteristics
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(sensitivity to galactose) of Ty2la, was demonstrated to be safe

and immunogenic on initial testing in humans (12). Furthermore,

the strain stimulates an intestinal IgA response to both L. typhi

Ty2la and 6. sonnet form I antigens in rabbits (13). This report

describes the clinical and immune response after vaccination of

humans with strain 5076-IC and the protective efficacy of the

vaccine against challenge with pathogenic S. sonnei.

MATZUJALB AND ETEOS

Vaecime. A streptomycin-resistant mutant of S. typhi Ty2la

was the recipient for conjugal transfer of the form I S. sonnei

plasmid as previously described (8). The resultant transcon-

jugant strain, S.' typhi 5076-1C, was harvested after growth on

solid agar, dispensed into vials, and lyophilized at the Depart-

ment of Biologic Research, Walter Reed Army Institute of Re-

search. On the d.,ys of vaccination, vials of lyophilized vaccine

(stored at 4C) were reconstituted with sterile distilled water to

yield a concentration of 1-3 x 109 viable organisms. Three

different lots of vaccine were used in volunteer studies. Lot 2

was used for the first two studies, lot 5 for the third study and

lot 8, which was produced for a large scale field trial of

vaccine efficacy, was used for the fourth study.

Volunteers. Participants were healthy young adults from

the Baltimore community to whom all aspects of -the study were
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described in detail. The methods of medical screening, informed

consent and medical cars have been published (14-17). Vac-

tcriation was performed on an outpatient basis, while challenge

studies were carried out in the isolation ward maintained by the

Center for Vaccine Development in the University of Maryland

Hospital. Three separate studies, involving approximately 20

volunteers each, were performed and the results pooled for

analysis, since the methods utilized were 'identical.

idmiastratio of Vacoime. The vaccine was administered

orally with 2.0 g,of 'UaHCO 3 mixed In 150 ml of water. Volunteers

fasted for 90 minutes before and after ingesting the vaccine.

Three doses of the strain were given to each vaccinee with 3-4

days.separating each dose. The volunteers returned as out-

patients 24 and 48 hours after vaccination and were questioned

about possible reactions (e.g., fever, cramps, diarrhea).

To determine if the vaccine strain could be recovered, stool

samples were collected 24 and 48 hours following each vaccine

dose. They were heavily streaked on MacConkey agar with strep-

tomycin (500 mcg per ml) and incubated for 24 h at 37C;

Colonies were identified by agglutination witb S. sonnei and

Salmonella group D antisera.

Challemge Study. One month after receiving the third dose

of vaccine, the group of vaccinees and a group of unvaccinated

controls were challenged with approximately 500 pathogenic S.

sonnei (70-80% were smooth form I colonies) . The volunteers
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Isgested the organisms suspended In 45 al of skinned milk

(reconstituted from powdered milk with distilled water).

Volunteers fasted for 90 minutew before and after ingesting the

challenge inoculum.

Volunteers were examined and interviewed daily for 120 hours

before receiving a 10 day course of 2 tablets of trimethoprim (80

mg) aad sulfamethoxazole (400 mg) every 12 hours. Volunteers who

met the definition of diarrhea received antibiotics 24 hours

after the onset of diarrhea.

All stools were collected in a sterilizable plastic pan that

fit on the commode. Each stool was examined by a staff member

and graded on a five point scale: grade 1, formed; grade 2,

soft; grade 3, thick liqui-d; grade 4, opaque water; grade 5,

clear watery (17). All stools were weighed and tested for blood

by Hematest (Ames). Diarrhea was defined as the passage of 2 or

more liquid (grades r-5) stools within 48 hours and at least 200

g in weight, or a single liquid stool of 300 g or greater.

Dysentery was defined as at least one liquid stool with blood.

Temperatures were taken etrery 6 hours and repeated again in five

minutes with a different thermometer if >100 F. Illness was

considered the presence of diarrhea, dysentery, or fever (temper-

ature >0OOF).

Iumolosic studies. Vaccinees had sera obtained before

and 9, 15, 21 and 28 days after vaccination. Vaccinees in the

first and second studies also had jejunal fluid collected before

and 15 days after the first dose of vaccine. Vaccinees and



/ . 4 9 . /

5

controls participating in the challenge studies had seor col-

lected before, and 8, 21, and 28 days after challenge with 8.

sonnei. Volunteers in the first three studies had intestinal

fluid collected before and 7-8 days after challenge.

For collection of intestinal fluids, volunteers swallowed

polyvinylchloride intestinal tubes, which were localized in the

jejunum by distance (130 cm) and the appearance of bile-stained

fluid of pH 6.0 or above. Jejunal fluid (70 ml) from each

volunteer was centrifuged (8,000g) to remove particulate

material. SIgA was measured by radial immunodiffusion (18) as

previously described (15). Aliquots of jejunal fluid were

dispensed into polystyrene tubes and lyophilized. The fluids

were reconstituted to a concentration of 20 mg of SIgA per 100 ml

before testing for specific antibody.

Serum IgG and IgA and, jejunal fluid SIgA antibody to S.

sonnet 0 antigen were measured by enzyme-linked immunosorbent

assay (ELISA). Purified S. sonnet 0 antigen (25ug/ml), 100 ul)

was adsorbed to wells of polystyrene microtitratlon plates for 2

hrs. at 37C, followed by overnight at 4C. The wells were washed

with phosphate-buffered saline (PBS) pH 7.2 and the remaining

unbound plastic sites were blocked with 5% heat-inactivated fetal

bovine serum in PBS for 1 hr at 37C. Wells were washed with PBS

containing 0.05% Tween 20 (washing buffer). Serial two-fold

dilutions of serum (beginning at 1:40) or jejunal fluid (begin-

ning at 1:4), in washing buffer containing 1% heat-inactivated

fetal bovine serum, were incubated overnight at 4C. After

washing, alkaline phosphatase-conJugated goat anti-human IgG or
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IgA was incubated In the wells for 1 hr at 37C and the ELISA

completed sequentially with p-nitrophenyl phosphate and 3M NaOH

(19). Optical density was read at 405 nm using a Titertek

Multiskan-MC (Flow Laboratories, McLean, Va.). Four-fold

increases in titer were considered significant.

Analysim: Statistical comparisons were done by chi square,

Fisher's exact test (one tail) and Student's t test.

RESULTS

The bivalent strain was administered to 60 individuals

without adverse reactions. Ten (17%) of the volunteers excreted

strain 5076-1C in the two days after the first vaccine dose, as

did 10 (18%) of 57 after the second dose and 5 (9%) of 57 after

the third dose. Forty of these vaccinees, along with 38 unvac-

cinated controls, participated in subsequent challenge studies to

determine vaccine efficacy.

In the challenge studies, 20'(53%) of the controls developed

diarrhea and 19 (50%) dysentery, compared with 13 (32%) %r-d 9

(22%) of the vaccinees, respectively (Table 1). This suggests a

vaccine efficacy of 40% against diarrhea (p - 0.06) and 56%

against dysentery (p - 0.01). The vaccinees also had 57%

protection against febrile (>100F) illness (p - 0.006), and 76%

protection against more severe febrile illness (>101F) (p -

0.001), which occurred in nearly half of controls. Those

I • &
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vaccinees who developed diarrhea had similar mean numbers of

diarrheal asools and total volume as ill controls. Stool

cultures were positive after challenge in a similar high propor-

tion of vacci:ees and controls.

The first 3 studies were done with two different vaccine

lots (numbers 2 and 5) and appeared to have excellent efficacy

(71% protecti n against dysentery and complete protection against

more severe febrile disease (Table 2>. After these encouraging

results, a third vaccine lot (Number 8) was prepared for a field

efficacy tria and evaluated in volunteers. This vaccine 'ot did

not appear to stimulate protective immunity (Table 2).

After receiving three doses of the bivalent strain, some

vaccinees h d serum IgG, or serum or local intestinal IgA

responses to S. sonnei 0 antigen (Table 3). Of the three

antibody responses, rises in local IgAL titer were the most

frequent. Un accinated controls after challenge with pathogenic

S. sonnei had higher frequencies of serum IgG (p - 0.003) and IgA

(p<0.O01) r7sponses, but a similar frequency of local IgA

response, than individuals following vaccination. Furthermore,

the controls fter challenge with pathogenic S. sonnei had higher

frequencies f serum and lo'-al immune responses than did the

vaccinees wh participated in the experimental challenge studies

(Table 3).

The vac inees' immune responses to vaccination and the

vaccinees' and controls' antibody status before experimental

challenge were examiied in order to identify immunologic cor-

relates of c inical protection. The vaccinees who had a serum
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IgA response to the bivalent strain tended to have a lower attack

rate in the challenge study, but the differences were not

significant (Table 4). The presence prior to challenge of serum

IgA or IgG antibody to S. sonnei 0 antigen was an indicator of

protection against S. sonnei (Table 4). Prechallenge local IgA

antibody also tended to indicate protection, but the difference

in attack rates in antibody-positive vs antibody-negative persons

was not significant.

DISCUSSION

Immunity to shigellosis is believed to be largely specific

to the Shigella serotype, which is determined by cell surface

lipopolysaccharide 0 antigens (1). Oral immunization with

attenuated Shigella strains has provided serotype-specific

protection; however, these vaccine strains have not been

suitable because they are occasionally genetically unstable (4)

and require annual booster doses to maintain protection (6).

It has recently been recognized that protection against

enteric pathogens, like Shigella, may be determined by the

production of secretory immunoglobulins at the level of the

intestinal mucosa, where they may prevent the adherence of the

bacterium or interfere with bacterial toxins. This recognition,

along witt' the hypothesized importance of 0 antigens in stimu-

lating a protective immune response, led to the development of a

vaccine. strain in which Shigella 0 antigen is delivered to the

intestine by an attenuated enteric organism (8). This should
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result in stimulation of the immune system in the gut, which has

in fw-t been demonstrated in animal models (13).

The recipient strain S. typhi Ty2la is itself an effactive

oral vaccine against typhoid fever* In a field trial in Egypt,

it was shown to be safe and to offer 95% protection (9), while in

Chile it had approximately 50% efficacy for at least 3 years

(10,11). _. typhi Ty2la may be particularly suitable as a

recipient organism, because of its unique properties as an

attenuated S. typhi. In the small intestine, it crosses the

mucosa and is ingested, but is not immediately killed, by

macrophages (1,20). Thus, the organism can bring antigens into

direct contact with lymphoid tissues and may stimulate a stronger

nrotective response than carrier strains that remain in the

intestinal lumen, such as non invasive E. colt expressing

Shigella 0 antigens, (such strains did not result in protective

immunity) (21). As Ty2la can serve as a car-ier of antigens from

a variety of other microorganisms, the study is important not

only as an evaluation of this particular vaccine strain', but

also as a test of the concept that Ty2ia can deliver to the gut

heterologous antigens, which then stimulate a protective immune

response.

In this first clinical evaluation of a prototype bivalent

enteric vaccine, the S. typhi-S. sonnet strain 5076-1C provided a

very substantial level of protection against challenge with S.

sonnet. The 53% protective efficacy against diarrhea and 71%

protection against dysentery in the first three studies, are, in

fact, similar to the 64; level of protection afforded by shigel-
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lonis itself in similar challenge studies with S. flexneri (22).

It should also be noted that the challenge inocula used resulted

in-691 -144a for illness in controls, substantially higher

than that observed in endemic areas, where the usual ingested

dose of Shigella is probably lower. Since it is likely that

protection is greater when the inoculum of Ingested organisms is

small, in comparison to when the inoculum Is large, it could be

predicted that the protective efficacy with the vaccine may be

even higher in a field trial setting, under natural conditions of

challenge. Indeed, a_ previous Oral attenuated Shigella vaccine

had 56% efficacy in volunteer challenge studies (22), but gave

greater than 80% protection in field trials in endemic areas

(6,23,24).

The reason the vaccine lot prepared for field trial failed

to protect volunteers is unclear. The vaccine was ostensibly

prepared and administered in the same way as with the two

previous lots that stimulated excellent protection. Changes in

the procedures necessary for production in larger scale required

to provide sufficient doses for field trials may inadvertently

have resulted in differences between lots. It was previously

noted with another attenuated Salmonella vaccine that lyophili-

zation had a deleterious effect (25). Ultimate application of an

attenuated vaccine requires that large scale production and

lyophilization be successfully accompilshed, so that sufficient

quantities of vaccine are available and can be stored and

transported before use.

Although there are more than 30 serotypes of Shigella, four
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to* five, including S. sonnei, usually predominate. S. typhi

Ty2la has been genetically modified to express the major somctic

___ti_-o t -7. flexneri serotype 2a (26), as well as the form• I

antigen of S. sonnei. Furthermore, Ty21a has been engineered to

express a colonization factor antigen (27) and the B subunit (if

enterotozigenic Escherichia coli (28). This raises the real

possibility that Ty2la can serve as a genetic carrier for a

number of antigens, resulting in a combination oral vaccine,

protective againrt typhoid fever and important types of diarrhea.
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